Background/Aims: This study presents an analysis of the sonographic and laboratory parameters of solitary kidney in Wilms tumour survivors (TWs) and compares these parameters with those of healthy individuals. Methods: Fifty-three TWs who completed treatment for Wilms tumour and 44 healthy individuals were enrolled. The study protocol consisted of completing a medical history, sonographic examination of the solitary kidney, estimation of glomerular filtration rate (eGFR) by the Schwartz or MDRD formulas, albumin urine excretion and BP measurement. Results: Sonographic signs of kidney damage were observed in 22 (41,5%) TWs. The most frequently detected abnormalities are hyperechoic rings around renal pyramids (28,3% TWs). Hypertrophy of the solitary kidney occurred in 71,7% of cases. The mean volume of the solitary kidney was 77% of the sum of the two kidney volumes in the control group. The median eGFR in the TWs group was 117 with 25Q-105,5, 75Q-130 ml/min/1,73 m 2 vs 131,8 with 25Q-124, 75Q-140 ml/min/1,73 m² in the control group (p=0,000). Six TWs (11,3%) had a value of eGFR below 90 ml/min/1,73 m 2 . Increased urine albumin excretion (> 30 mg/g) was observed in 7 TWs (13,2%) and in 3 (6,8%) individuals in the control group. Conclusion: Ultrasonographic abnormalities in solitary kidney of TWs are frequent. The most frequently detected abnormalities are hyperechoic rings around renal pyramids. Sonographic examination of TWs ought to be performed not only to detect tumour recurrence but also to assess the signs of kidney damage and their progression.
Introduction
Wilms tumour (TW) is the most common neoplasm of kidney in children [1, 2] . The results of treatment of TW have improved in recent years, reaching 4-year overall survival in the favourable histology group of nearly 90%. The number of children who complete the treatment and survive is increasing [2] . According to the International Society of Paediatric Oncology (Societe Internationale D'Oncologie Pediatrique -SIOP), ultrasound examination ought to be performed five to eight times during first five years after treatment in single kidney disease without metastases [3] . The early detection of tumour recurrence or metachronous nephroblastoma in the solitary kidney is the main purpose for this examination [4] . In addition, ultrasound examination provides an opportunity to assess the signs of kidney damage. The signs of kidney damage in ultrasound examination are among the diagnostic criteria for chronic kidney disease (CKD) [5] . According to the National Kidney Foundation (NKF), CKD is defined as either kidney damage or estimated glomerular filtration rate (eGFR) below 60 ml/min/1.73 m 2 for more than 3 months [5] . Kidney damage is defined as pathological abnormalities or markers of damage, including abnormalities in blood or urine tests or in imaging studies [5, 6] . The Kidney Disease, Improving Global Outcomes (KDIGO) recommendations from 2012 define CKD as abnormalities of kidney structure or function, present for > 3 months with implications for health [6] . Signs of kidney damage may indicate the risk of deterioration of kidney function in the future [5] . Wilms tumour survivors (TWs) are at risk of deteriorating renal function and CKD because of the following: decreased number of nephrons after nephrectomy, nephrotoxic side effects of chemotherapeutic agents (carboplatin, cisplatin, ifosphamide, cyclophosphamide) or radiation therapy if the solitary kidney was in the field of radiation [7, 8] .
The function of the solitary kidney in TWs has been analysed in several studies. Some of those studies focused on hypertrophy of the solitary kidney [9, 10, 11, 12, 13, 14] . A few recent publications provided insight into the sonographic features of the kidney, underlining the need for detailed analysis [15, 16] . To date, sonographic images of the solitary kidney in prospective studies with control groups have not yet been reported.
The aim of this study was to present the characteristics of sonographic images of solitary kidney in TWs and to compare those characteristics with those of healthy individuals. The second aim of the study was to assess renal function based on estimated glomerular filtration rate (eGFR), urine albumin excretion and urine sediment analysis.
Materials and Methods
This was a cross-sectional prospective study with a control group of healthy individuals.
Patients
Fifty-three individuals (27 females and 26 males) who had undergone nephrectomy and treatment for TW in the Department of Paediatrics, Haematology and Oncology at the Medical University of Gdansk or in the Department of Paediatrics, Haematology and Oncology, Ludwik Rydygier Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in Torun, were enrolled.
Patients were excluded from the study if they had one of the following: heminephrectomy on medical history, bilateral TW, congenital abnormality of the solitary kidney or the urinary tract, urinary tract infection at the time of study, tumour recurrence or secondary neoplasm.
Forty-four healthy individuals (20 females and 24 males) were enrolled as the control group. They did not significantly differ from the TW group in terms of age, height, BMI (body mass index) and gender distribution. Individuals were excluded from the group if they had one of the following: medical record of any kidney disease, congenital abnormality of the solitary kidney or urinary tract or infectious disease at the time of the study. A comparison of the TWs and control groups is presented in Table 1 .
Methods
The study protocol consisted of completing a medical history, physical examination, sonographic evaluation of the solitary kidney, laboratory tests and blood pressure assessment. The following equipment was used: GE Logiq 500, GE Logiq E and GE Logiq 7 (GE Medical Systems, Waukesha, WI, USA) with convex 3, 5-5, 0 MHz and linear 8, 0-12, 0 probes.
Ultrasound examination
Kidneys were examined in the prone position. Lumbar muscles were used as acoustic windows. The examination conditions were the same for every patient. All patients were asked not to drink any fluids one hour before the examination.
The following sonographic image features were considered: medullo-cortex differentiation, increased echogenicity of renal cortex, scars, hyperechoic rings around pyramids, cysts and calculi.
All individuals had the following parameters of the solitary kidney measured: length, width, depth, volume and parenchymal thickness of the kidney, and length and width of the central echo of the kidney. For the purposes of this study, length of kidney was reported as the percentage of expected length of the normal kidney. This was defined as the kidney length on sonographic examination as a percentage of the hypothetical kidney length that the child would be expected to have if he or she had not undergone nephrectomy. Values of the hypothetical, expected length of kidney were based on Chen et al. using an internet calculator -Mr. Nomogram [17, 18] . Based on obtained data, the following indices were calculated: kidney length/height; parenchymal thickness/kidney length; and length of central echo/length of kidney.
Blood flow in each kidney was assessed using spectral Doppler and colour Doppler options. The resistance index (RI) was evaluated for every patient: RI = (Vmax -Vmin) / Vmax). In each measurement, the value of the insonation angle was under 60.
Laboratory tests
All laboratory tests were performed in the Central Laboratory of the Medical University of Gdansk. Creatinine serum concentrations were assessed using the colorimetric-modified Jaffe method (mg/ dL) (Architect c8000 [20] .
Albumin urine excretion was measured in urine spot samples using the immunologic method, Multigent, from Abbott Laboratories (Wesbaden, Germany). Increased excretion of albumin with urine was defined as a urine albumin to creatinine ratio (ACR) of over 30 mg/g [21] . [22] .
Statistical analysis
Statistical analysis was performed using Statistica 8.0 PL software (Polish version; StatSoft, Tulsa, OK, USA). A normal distribution of the data was verified using the Shapiro-Wilk W-test. Statistical significance between different groups was calculated by one-way analysis of variance (ANOVA), alternatively using the U Mann-Whitney test when the variances in groups were not homogeneous (the homogeneity of variance was determined by the Levene test). Statistical significance between frequencies was calculated by the chi-square test with Yate's correction or Fisher exact test. A correlation analysis was performed using Spearman's methods. The level of significance was set at p < 0, 05.
Ethics Approval
This study was approved by the Independent Bioethical Committee of Scientific Researchers at the Medical University of Gdansk. Written informed consent was obtained from the legal guardians of the children.
Results

Signs of kidney damage on USG
Signs of kidney damage on sonographic examination in the TW group were observed in 22 individuals (41, 5%). These findings are presented in Table 2 . The most frequently detected abnormalities were hyperechoic rings around renal pyramids (Fig. 1 ). Six TWs (11, 3%) had two abnormalities on sonographic examination. None of individuals in the TWs group had three or more abnormalities.
Hypertrophy of solitary kidney was defined when length of kidney exceeded over value of 95 th centile according to height, gender and race. The length of the solitary kidney in thirtyeight (71, 7%) TWs exceeded the value of the 95 th percentile, according to height, gender and race.
Mean volume of kidney in TWs group was 77% of a mean sum of two kidneys volume in the control group (p=0, 0034). A comparison of the sonographic measurements between the TWs and control groups is presented in Table 3 .
No differences were observed between the groups in terms of the side of the kidney. There were correlations in the TWs group between the percent of expected renal length and the following parameters: age (p=0, 0006) and height (p=0, 0022).
There were no correlations in the TWs group between percent of expected renal length and following parameters: age at time of diagnosis, time from nephrectomy, and eGFR (p>0, 05).
There was no significant difference between the TWs and control groups in terms of RI, p=0, 93. The mean values of RI over 0, 65 were detected in seven TWs and in one person in the control group. None of the individuals had mean values of RI over 0, 7.
In 22 TWs with abnormalities 
Urine albumin excretion
Increased urine albumin excretion (ACR > 30 mg/g) was observed in 7 TWs (13, 2%) and in 3 (6, 8%) individuals in the control group. There was no significant difference in terms of mean ACR between the groups (p=0, 37). In two of these seven TWs, other abnormalities were also observed: one person had decreased eGFR (88, 4 ml/min/1, 73 m 2 ) and signs of kidney damage on USG (hyperechoic rings around renal pyramids, calculi); one person had increased creatinine concentration (0, 91 mg/dl) and signs of kidney damage on USG (hyperechoic rings around renal pyramids, increased cortex echogenicity); and in the other five TWs, there were no abnormalities in laboratory tests or on sonographic examination, although one of the five TWs had mean systolic blood pressure (SBP) and mean diastolic blood pressure (DBP) over the 95 th percentile, and one TWs had SBP over the 95 th percentile.
Urinalysis with urine sediment assessment
We observed no abnormalities in the urine sediments. Renal injury and Chronic Kidney Disease CKD in TWs might be a consequence of nephrectomy. Six TWs (11, 3%) had eGFR of 60-89 ml/min/1, 73 m 2 . These individuals could be classified as G2 category if confirmed after three months.
Of the patients with eGFR ≥ 90 ml/min/1, 73 m 2 , no abnormalities (neither on sonographic examination nor in laboratory tests) were found in 26 TWs, while 21 TWs had sonographic or laboratory signs of kidney damage. Fifteen of these twenty-one TWs had abnormalities on sonographic examination: in eight cases, hyperechoic rings around renal pyramids were the only abnormalities diagnosed. None of these TWs underwent potentially nephrotoxic chemotherapy or irradiation. Five out of twenty-one TWs had increased albumin excretion with no signs of kidney damage on ultrasound examination. One TWs had increased albumin excretion (ACR -148, 9 mg/dl) and abnormalities on sonographic examination (increased cortex echogenicity, hyperechoic rings around renal pyramids).
Five out of six TWs at risk for stage II of CKD had signs of kidney damage on ultrasound examination. One of those five individuals also had increased albumin excretion. One out of six TWs at risk for stage II of CKD had decreased eGFR (60-89 ml/min/1, 73 m 2 ) with no abnormality on sonographic examination and with no increased albumin secretion.
Blood Pressure
In the TWs group, mean SBP >95 th percentile and DBP >95 th percentile were in seven individuals (13, 2%). Another five individuals (9, 4%) had values of mean SBP over the 95 Eight TWs were treated with potentially nephrotoxic chemotherapeutic agents (carboplatin, cisplatin, ifosphamide, cyclophosphamide). There were no significant differences in terms of sonographic parameters or eGFR between TWs who received and did not receive potentially nephrotoxic chemotherapeutic agents. Those two groups did not differ in terms of age, height and weight. Among 21 TWs with signs of kidney damage, there were four individuals who received potentially nephrotoxic chemotherapeutic agents. In the other four TWs who received potentially nephrotoxic chemotherapeutic agents, signs of kidney damage on sonographic examination were not observed.
Radiation therapy was performed during treatment of 22 TWs (41, 5%). In four cases, the solitary kidney was in the field of irradiation. The dose of irradiation did not exceed 20 Gy. Two of these four individuals also received potentially nephrotoxic chemotherapeutic agents.
Discussion
Individuals with a solitary kidney are a specific group of patients. In recent years, there has been an ongoing discussion about kidney damage in patients with SFK [23, 24, 25, 26] . According to Schreuder's study, being born with or having an acquiring SFK in childhood results in ongoing glomerular hyperfiltration and in renal injury with hypertension and albuminuria before adulthood in over 50% of those affected [23] . On the other hand, P. Marzuillo and C. Polito evaluated a cohort of 306 congenital SFK patients with prenatal diagnosis and enrollment within the first 3 months of life, and showed that the prevalence of renal damage was 3, 9%, with a cumulative proportion of 93, 7% free from renal injury at 17 years of age [24] . But, as Schreuder emphasized, both cohorts were different -in the Marzuillo and Polito's study all children were diagnosed antenatally or shortly after birth, whereas in Schreuder's study the congenital SFK was diagnosed later in life. Both groups differed in prevalence of high blood pressure, which was present in 0, 6% of the Marzuillo's cohort and in 18, 1% in Schreuder's study [26] .
Most of the patients who have been cured from TW have one kidney and they seem to be particularly at risk of kidney damage because of their exposition to additional risk factors, such as anticancer treatment. However, the typical chemo-and radiotherapy used in TW treatment does not generally cause severe renal injury [8, 27] . According to SIOP rules, only high-risk patients or in stage IV are treated with nephrotoxic cytostatics, such as carboplatin and cyclophosphamide [3] . Bilateral TWs are also at higher risk of CKD [8] .
Then the assessment of SFK in TWs is very important. The follow-up of TWs includes physical examination with measurement of BP, abdomen ultrasound, and a serum creatinine and urine test [3] .
Hyperechoic rings around renal pyramids on sonographic examination, observed in 41, 5% of TWs, may indicate impairment of renal tubules. Hyperechoic rings around renal pyramids might be the outcome of one of the following: primary hypercalciuria, hypercalcemia with hypercalciuria, hyperparathyroidism, or tubular acidosis [28, 29, 30] . Hyperechoic rings around renal pyramids are the outcome of the accumulation of calcium deposit in the distal and collecting tubules [31] . According to the theory of AndersonCarr, hyperechoic rings around renal pyramids appear initially before formation of renal calculi [32] . Hyperechoic rings may be an ultrasound sign of early nephrocalcinosis [33, 34] . In all TWs with hyperechoic rings around renal pyramids, further diagnosis focusing on tubular impairment is necessary. The mean values of RI in TWs didn't exceed normal values. Hyperechoic rings around renal pyramides might even precede modification in the parenchymal microvasculature due to normal values of RI.
In our sample increased cortex echogenicity was observed in six TWs (11, 3%) . This is a nonspecific sonographic marker of acute and chronic changes in glomeruli or renal parenchyma [35, 36] . Cortex echogenicity correlated with histological changes in renal parenchyma and with tubular atrophy [37, 38] .
Renal scars were more common in TWs (4 -7, 5%). There were no scars observed in the control group (no statistical significance). The presence of these signs may be an outcome of urinary tract infection during immunosuppression. Renal scars appear directly over calyces and are associated with parenchymal thickening [39] .
Renal calculi were detected in 3 TWs (5, 6%). None of the individuals in the control group had renal calculi diagnosed. In two cases, time from the end of treatment was relatively short -four and ten months. Renal calculi might be a consequence of chemotherapy. According to Palmer et al., the sensitivity of ultrasound examination for detection of renal calculi was 89% in comparison to that for computed tomography, which was 100% [40] . Thus, the true prevalence of nephrolithiasis might be more frequent than that presented in this study.
In the present study, hypertrophy of the solitary kidney was observed in thirty-eight (71, 7%) TWs. In an English study, Bailey reported compensatory renal hypertrophy in 38/40 patients [41] . Neu et al. detected compensatory contralateral renal hypertrophy in 88, 3% of TWs [42] . The mean percent of expected renal length in the TWs group was 118%, while in the control group, the value of expected renal length was nearly 100%. In a study by Di Tullio et al., the mean length of the solitary kidney was 128% of the reference value [9] . The study was repeated after six years, and there were no significant differences in length and volume of the kidney [10] . Similar values were observed by Krawczuk-Rybak et al. [12] . In a study by Levitt et al., hypertrophy of the solitary kidney was observed in 55% of individuals [11] . Zerin et al. observed hypertrophy of the solitary kidney in 50% of TWs [13] . Kishore reported compensatory hypertrophy in 8/29 TWs and subnormal renal size in one TWs [43] .
In TWs, mean eGFR was significantly lower than that of the control group. Six TWs (11, 3%) had eGFR below 90 ml/min/1, 73 m , measured as 51 Cr EDTA clearance, was detected in 19% of cases [11] . Decreased GFR below 80 ml/min/1, 73 m 2 was also observed in 43% individuals, according to Krawczuk-Rybak et al. [12] . By contrast, increased GFR was reported by Stronska et al. and Donckerwolck et al. [45, 46] . Cozzi reported that TWs aged 33 to 51 years showed significantly progressive decrease in eGFR (mean ± SD 88, 1±22, 6 during the third decade after surgery vs. 66, 6±15, 6 ml/min/1, 73 m 2 during the fifth decade after surgery, p=0, 02) [47] . According to Kern, longer follow-up may reveal clinically significant declines in renal function occurring years following nephrectomy [48] .
In the present study, increased albumin excretion, measured as ACR over 30 mg/g, was observed in 13, 2% of TWs. Prevalence of albuminuria in the published literature ranges from 9% (Levitt et al.) to 84% (Srinivas et al.) [9, 10, 11, 14, 44] .
In the present study, there was no correlation between the percent of expected renal length and sonographic and laboratory parameters. In a study by Di Tullio, the length of the solitary kidney inversely correlated with age at time of diagnosis, and kidney volume directly correlated with microalbuminuria [9] . Levitt did not observe a correlation of renal length with eGFR, microalbuminuria, SBP or treatment of TW [11] . There were no correlations between sonographic findings and laboratory tests in a study by Krawczuk-Rybak et al. [12] . Zerin did not observe a correlation between the prevalence of renal hypertrophy and age at time of nephrectomy, stage of tumour or treatment of TW [13] .
This study analysed the risk of CKD in TWs. Nephrectomy was one of the risk factors for CKD in TWs. Six TWs might be classified as stage II of CKD. According to Stefanowicz et al., 56, 25% and 43, 75% of TWs were diagnosed as stage I and II of CKD, respectively [16] . However, according to Interiano et al., the current guidelines do not recognize solitary kidney as a structural abnormality [49] . However, further studies are needed to determine whether the absence of one kidney is a marker for CKD development [49] . In the Neu TWs study, 21/34 (62%) TWs (mean age 28.7 years, mean follow-up 24.8 years) had CKD stages I-III, based on cystatin-related eGFR [42] . The reason for those differences was the method of GFR estimation. In the present study, classification was based on estimated GFR, while in the study by Stefanowicz et al., GFR was assessed as clearance of 99 Tc-DTPA [16] . Classification of CDK underlines the risk of deterioration of renal function. The end stage of renal disease twenty years after the treatment for Wilms tumour is rather low: 0, 6%, according to Breslow et al. [50] .
There were differences in the sonographic and laboratory parameters between TWs who received and did not receive potentially nephrotoxic chemotherapeutic agents (carboplatin, cisplatin, ifosphamide, or cyclophosphamide). Potentially nephrotoxic chemotherapeutic agents were administered for high risk histology and stages III and IV of TW. There were no differences in the distribution of stage of TW between individuals with and without sonographic signs of kidney damage. These findings can be explained by the fact that according to SIOP guidelines, cisplatin was exchanged for the potentially less nephrotoxic carboplatin, and ifosphamide was exchanged for the less nephrotoxic cyclophosphamide. Additionally, according to SIOP 2001, carboplatin is administered in six cycles. Each cycle lasts for three days with a daily dose of 200 mg/m 2 [3] . Previously, carboplatin was administered one day with a dose of 600 mg/m 2 . Radiation therapy in the field of the solitary kidney was performed in four TWs (7, 5%) enrolled in our study. Two of these TWs additionally received potentially nephrotoxic chemotherapy. Those individuals were treated according to the SIOP 93-01 and SIOP 9 protocols. In the present study, sonographic and laboratory parameters were not compared among groups who received and did not receive irradiation to the field of the solitary kidney because of disproportion in groups -4 vs 49. De Graff et al. observed lower values of GFR and renal plasma flow (RPF) in TWs who underwent irradiation in comparison to those who did not undergo irradiation of the solitary kidney [51] .
Hypertension may be an early indicator of renal dysfunction in TWs. The prevalence of arterial hypertension was diagnosed in six TWs (11, 3%) . None of the individuals in the control group had arterial hypertension diagnosed. None of the individuals enrolled in the study had antihypertensive drugs administered. According to other authors, the prevalence of hypertension in TWs was 11-29% [11, 52] . In the Neu study, 40% of TWs had arterial hypertension [42] . Arterial hypertension is not a diagnostic criterion of CKD, but it can increase the risk of deterioration of eGFR and cardiovascular complications [6]. Lubrano et al. showed that patients with acquired SFK due to previous monolateral total nephrectomy due to trauma over a 14-year follow-up had significant increases in hypertension (12% vs 52, 9%) [53] . In view of this fact, it is necessary to monitor BP every six months. Some authors recommended BP monitoring at least every five years [54] , but in our opinion, this is too infrequent.
Is solitary kidney a risk factor for renal injury or chronic kidney disease? We believe this is an open question. Although current NKF guidelines do not recognize SFK as a structural abnormality [6] , several studies suggest that SFK is a risk factor for the progression of CKD [44, 55, 56] . Kolvek et al. demonstrated that a substantial proportion of children with SFK developed renal injury defined as hypertension, severely increased albuminuria and a significantly impaired eGFR and/or use of antihypertensive or antiproteinuric medications during childhood (median age 11,0 years). This was especially true for those with CAKUT (congenital anomalies of the kidney and the urinary tract) in the SFK [57] . MavinkurveGroothuls et al. showed that during follow-up, mean eGFR and BP z-scores remained stable at an acceptable level, but in the group of 31 TWs with follow-up of 15 years, only 23% showed signs of renal injury (defined as eGFR<60 ml/min/1, 73 m 2 , proteinuria and/or high BP, and/or drug use to treat either proteinuria and/or high BP) vs 54% in a group of SFK patients based on non-oncological causes (p=0, 0004) [58] . According to KDIGO recommendations, CKD is defined as abnormalities of kidney structure or function, present for > 3 months with implications for health. CKD is classified based on cause, GFR category (G1-G5), and albuminuria category (A1-A3), abbreviated CGA [6]. In our group of TWs, six (11, 3%) had values of eGFR below 90 ml/min/1, 73 m 2 -G2 category. Increased albumin urine excretion (ACR > 30 mg/g) was observed in 7 TWs (13, 2%), 6 in the A2 category and 1 in the A3 category, risk category: G1A2 (moderately increased risk) -6, G2A2 (high risk) -1. Schiavetti et al. examined 35 TWs and diagnosed CKD in 3 TWs, of G2A2 category (1) and G1A2 category (2) , and detected signs of kidney damage on USG in 1 TWs [59] .
The limitations of this study are as follows: 1. Colorimetric-modified Jaffe method of creatinine serum concentration measurement: this factor influenced the choice of formulas to calculate eGFR, according to KDOQI guidelines. 2. Heterogeneity of the TWs group: children with differences in stages and histology. These conditions have an influence on the type of treatment (chemo-and/or no radiotherapy) that might be an additional factor for kidney damage. 3. Controls were patients with both kidneys.
Conclusion
Ultrasonographic abnormalities in solitary kidneys of TWs are frequent. The most frequently detected anomalies in SFK in TWs are hyperechoic rings around renal pyramids. In TWs sonographic examination is ought to be performed, not only to diagnose tumour recurrence and to assess hypertrophy, but also to assess the signs of kidney damage and their progression.
